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Automatic Transmission Intake Filter Test Procedure

1. ScopL

This test prdcedure is intended to apply to hydraulic pump suction filters and strainetsyused i automotive
automatic transmissions that include hydraulic power pumps. The various paragraphs of Segtion 5, “Test
Procedures,| include a variety of tests and alternative tests that are not applicable to ajl filters and
applications| so the engineer must specify which tests are to be performed-for a particulaq application.
These test [procedures are intended to evaluate filter functional performance charactgristics only,
durability is nhot evaluated under this standard.

Filter desigh requirements must be specified by the engineer.on the filter assembly drawing, an
applicable ehgineering specification, or they may be summarized on an application data sh¢et similar to
that found ir| this recommended practice. See Figure 6, “FiltetAssembly Application and Datg Sheet.”

Pressure circuit filters, both barrier and system contamination control types, are not covered under this
standard. They are similar in design and construction to filters used in many hydraulic and lubricating
applications

1.1 Purpgse

The purposg of this standard is to establish test methods to evaluate critical performance ctlaracteristics
of automatid transmission intake (suction) filters. These units need ratings for flow capacity, femperature
range, confaminant capacity, Ailter efficiency and other critical functional characteristics. These
characteristics should be representative of a production feasible design and are to be appliefl to the filter
assembly. Fressure side filters are covered by other existing test standards and practices.

Prior use of|“nominal’ and “absolute” filter ratings as applied to a filter’s ability to capture particles of a
given size have been*deprecated. This standard predicates the use of “Filtration Ratios” (gfficiency) or
“Beta Ratiog” tordescribe the capture effectiveness under reproducible test conditions using @ known test
contaminant,

1.2 Rationale

Not applicable.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2005 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.
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2.

2.1

The following publications form a part of this specification to the extent specified herein.

References

Applicable Publications
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2.1.4 NFPA PUBLICATIONS

Available from the National Fluid Power Association, 3333 North Mayfair Road, Milwaukee, WI 53222-

3219.

NFPA T3.1.64.1—Glossary of Terms for Hydraulic Fluid Power
NFPA T3.10.8.7—Hydraulic fluid power filter elements method for verifying flow fatigue characteristics
NFPA T3.10.14—Hydraulic fluid power filter determination of differential pressure-flow characteristics

(Metric ety

NFPA T3.10.23—Multi-Pass Method for Evaluating Performance of Hydraulic Filters

NFPA T3.1(.65.2—Filtration for Hydraulic Fluid Power Systems

NFPA T3.1(0.67.3—Glossary of Terms for Hydraulic Fluid Power Filters and Separators

NFPA T3.1(0.67.4—Graphic Symbols for Hydraulic Fluid Power Filters and Separators

ASTM MNL32—Manual on Test Sieving Methods

ASTM C778—ASTM graded sand specifications

USAS B93.2-1965—USA Standard Glossary of Terms for Fluid Power

2.2 Other|Publications—General Information References

2.2.1 LarKin, Larry; Boast, Andrew; and Haggard, Dan, “SAE Publication AE-29,” Chapter
and|Contamination Control, publication pending 2004

2.2.2 Eleftherakis, John G. and Khalil, Abrahim, “Development of Laboratory Test Con
Transmissions”, SAE Paper No. 900561

2.2.3 Eleftherakis, John G. and Khalil, Abrahim™, “Advance Filter Test Methods - Utilizing th
Tes{,” TAPPI Press, 1993

2.2.4 Eleftherakis, John G. and Khalil,>Abrahim, “Test Methods for Automotive Filtration,’
No. P30016

2.2.5 Hummel, Paul A., “Advancements in Automotive Transmission Sump Filtration,” SA
960535

3. Definftions

Terms and PDefinitions: For definitions of terms not defined herein consult USA Standard

Terms for Hluid‘Power, USAS B93.2-1965; also identified as NFPA STD T3.1.64.1. See

Standard T3:16:674; Glapiliu Sylll'uuio for Hyu'lo.uiiu Foid—Power—tters—and Scpalaium,

14, Filtration

taminant for

e Multi-Pass

SAE Paper

= Paper No.

Glossary of
also NFPA

Technical Manual T3.10.65.2, Filtration for Hydraulic Fluid Power Systems.

3.1 Filter

and NFPA

A device whose primary function is the retention by porous media of insoluble contaminants from a fluid.

3.2 Filter

Types, Designs and Circuit Locations

Classification of filter assembly by application, circuit location, or usage.
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3.2.1 BARRIERFILTER

A filter intended to capture particles, especially manufacturing debris, before they are carried into

sensitive transmission components, e.g., control valves, bearings, etc. See 3.2.32, “Strainer.”

3.2.2 BLEED-OFF FILTER

A filter located in a return line between a flow control device and a reservoir.

3.2.3 BY-IPASS FILTER

A filter, inst
preset differ

3.2.4 DisA
A filter, whic
3.25 DuA
A filter havin
3.26 Dup
An assembl
3.2.7 FEFF
The fluid lea

3.2.8 ELEI

The minimum unobstructed.distance required to remove the filter element from the housing o

3.2.9 FuLT|

By-pass floy

lled in an alternate flow path around the primary filter element, providing filtrgtion when a

bntial pressure is reached in the primary filter element.

OSABLE FILTER

h is intended to be discarded and replaced after one service-gycle.
| FILTER

g two filter elements in parallel.

| EX FILTER

of two filters with valving for selection'of either or both filters.
|UENT

ving a component.

MWENT REMOVAL CLEARANCE

FRED BY-PASS

that'is filtered through a filter element.

3.2.10 FuL

= =
FLUWTIILTER

enclosure.

A filter which, under specified conditions, filters all the fluid flow in the hydraulic circuit in which it is

installed.

3.2.11 IMPINGEMENT

The direct high velocity impact of the fluid flow upon or against any internal portion of the filter.

3.2.12 INFL

UENT

The fluid entering a component.
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3.2.13

A filter in wh

IN-LINE FILTER

ich the filter inlet, outlet, and filter housing axis are in a straight line.

3.2.14 L-TYPE FILTER

A filter in which the inlet and outlet port axis are at right angles, and the filter element is parallel or
perpendicular to either port axis. This designation is sometimes applied to filters where the inlet and outlet

allal

bt oot Aol ooy
anrCT oot T IoToomtTar,

ports are pa
3.2.15 MAN

A filter contg
circuit.

3.2.16 Mo
A filter which
3.2.17 NOHR

The intende

3.2.18 PAR[IAL FLOW FILTER

A filter whick
3.2.19 PILG
A filter locat
3.2.20 PoR
An internal g
3.2.21

PoOR

A port that p

IFOLD FILTER

ining multiple ports and integral related components which services mayé than o

ULAR FILTER
mounts to or within a manifold or subplate with flow passages at the interface.
MAL FLOW

1 direction of flow through filter.

filters a portion of the influent flow.
T LINE FILTER
bd in a line conducting pilot fluid to a control device or devices.
-
r external terminus of a passage in a component
T, INLET:

ravides a passage for the influent.

ne hydraulic

3.2.22 PORT, DIFFERENTIAL PRESSURE

A port(s) that provides a passage to the upstream and downstream sides of a component.

3.2.23 PoOR
A port that p

3.2.24 PoOR

T, OUTLET
rovides a passage for the effluent.

T-TO-PORT DIMENSION

The distance between inlet and outlet port measured from face to face or between centerlines.
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3.2.25 PRESSURE LINE FILTER

A filter located in a pressurized line, usually the pump output, conveying the working fluid to a working
device or devices.

3.2.26 PUMP INTAKE LINE FILTER

A filter located in a line conveying fluid to the pump inlet.

3.2.27 RESERVE FILTER

See 3.2.3, “By-Pass Filter.”

3.2.28 RESERVOIR FILTER

A filter installed in a reservoir in series with a suction or return line.

3.2.29 RETPRN LINE FILTER

A filter located in a line conducting fluid from a working device to a reservoir.
3.2.30 REVERSE FLow

Opposite to hormal flow.

3.2.31 STARVATION

Insufficient f|lter effluent to allow proper functioning of downstream components.
3.2.32 STRPINER

A filter with @ coarse filter element.

3.2.33 SucfrIoN FILTER

A pump intake line filter in which the fluid is below atmospheric pressure.

3.2.34 SUMPEILTER

A filter installed in a sump or reservoir, usually on the suction line leading to the pump, or on the return
line.

3.2.35 SUPERCHARGE

A pump intakeffilter outlet configuration in which fluid which is above atmospheric pressure, usually
obtained by recirculating fluid from the pressure side of the pump, is injected through a nozzle at the filter
outlet or pump intake thereby assisting or driving the main fluid stream, which is usually drawn from a
reservoir, into the pump intake resulting in enhanced pump pressure and volume output.
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3.2.36 T-TYPEFILTER

A filter in which the inlet and outlet ports are located at one end of the filter with port axis in a straight line,
and the filter element axis is perpendicular to this line, typically a spin-on filter.

3.2.37 TwoO-STAGE FILTER

A filter having two filter elements in series.

3.2.38 WAg

A filter desig
side of the n
toward the ¢

3.2.39 Y OF
A filter in wh

a.
b. May refg
second

maintain
3.3 Filter
The parts th
3.3.1 BAF
A device to

prevent tunr
the filter, a |

the filter inle}.

332 Bas

The foundat

H OR SELF CLEANING

ned so that a portion of the influent fluid flows parallel to the media surface on t
nedia thereby continuously cleaning the influent surface by washing intercepted
dges of the media and out of the principal flow path.

MULTI-PORT FILTER

ch the inlet and outlet port axis and filter housing are in@'Y configuration.

May refer to a dual inlet filter where one of the inlets may be a recirculation port.
br to a dual outlet filter where one of the outlets.may feed the main hydraulic pimp and the

outlet, usually smaller, may feed an auxiliary ‘electric pressure sustaining pu
transmission engagement when the enginé\is not running.

Components

At make up a filter.

FLE

prevent direct flow impingement, or to guide the flow. Can be used inside the filte

paffle can prevent-air ingestion during maneuvering or it can be used to guide s

on-or support for the filter, which may also contain one or more ports.

ne unfiltered
contaminant

mp used to

r housing to

eling and channeling’through the media by distributing the flow. When used on the outside of

pent fluid to

3.3.3

BY-PAsSS VALVE

Used to allow fluid to by-pass the media, usually to give adequate flow under extreme cold conditions or
where the filter is blocked by contamination. May be temperature or pressure regulated.

3.3.4 CARTRIDGE

A filter element, usually replaceable.
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3.3.5 Case
A hollow part that provides a cavity or envelope for the filter element.
3.3.6 CENTER TUBE

The internal duct and filter media support.

3.3.7 CoLpPaFeH

A woven scfeen welded or otherwise placed over a by-pass opening in the filter mediayto improve fluid
flow under extreme cold conditions.

3.3.8 CoOHE
See 3.3.6, “Center Tube.”

3.3.9 COHRUGATIONS

See 3.3.23, [Pleats.”

3.3.10 CoVER

A closure, which provides access to the filter element;
3.3.11 CREST

The outer fold of a pleat.

3.3.12 END|SEAL

The bond between the end eap/and the filter medium often obtained by potting the elemgent. Also a
sealing methodology where the'filter media seals against the end cap by axial contact pressufe.

3.3.13 ELEMENT

The porous fevice{which performs the actual process of filtration

3.3.14 EXTERNACSUPPORT

A permeable structural enclosure, which imparts rigidity to a filter element and usually protects the filter
medium.

3.3.15 FEET

Risers on the bottom of the filter to keep the filter housing off the sump pan and allow fluid flow to the filter
inlet.
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3.3.16 GROOVING

Shallow ridg

es in the filter medium perpendicular to the roots of the pleats.

3.3.17 HOUSING

A ported enclosure which directs the flow of fluid through the filter element.

3.3.18 INTH

A permeablg structural part which imparts rigidity to a filter element, and is primarily used-to

element coll
3.3.19 MED
The porous
3.3.20 MED
See 3.3.19°
3.3.21 NoZz
A shaped pqg
3.3.22 OurTl
A permeablg
3.3.23 PLE

A series of f
area.

3.3.24 PRE

A valve inst
from air trap

AL
TINAE JU0

Apse. See 3.3.31, “Support.”
IA
ayer of material that performs the actual particle interception,‘i.es, does the filterin
UM
Media.”
ZLE
rt directed into the pump intake so as to_supercharge the fluid entering the pump
ER WRAPPER
enclosure, which protects the filter medium.
\TS
olds in the filter medium usually of uniform height and spacing, used to increase

5SURE RELIEF VALVE

péd'inside the valve body and hydraulic tubing which is compressed when the

brevent filter

g.

intake.

filter media

blled ‘o the filter housing to prevent the pressure from building up inside the filter, usually

ransmission

is first eng

! ! Lo ol + 41 £ild 4l 1 1 . b + 1
yCu dariud wriicIt ©liers Uic T1Ier ouylt a4 Dy-pass TCUITLUIAUUIT TOULS Ul vy

through the pump thereby causing the filter to burst. See also 3.3.3 “By-Pass Valve.”

3.3.25 REs

ERVOIR

everse flow

May be internal or external to maintain a supply of fluid thereby helping to prevent air ingestion and
resulting loss of pump prime especially during maneuvering.

3.3.26 RooTt

The inner fold of a pleat.
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3.3.27 SEAL

A component or feature used to prevent cross media leakage or hydraulic short circuit thereby insuring
leak free separation of hydraulic circuits.

3.3.28 SHELL

See 3.3.5, “Case.”

3.3.29 Sipg SEAL
The longitudinal seam of the filter medium in a filter element.
3.3.30 STAND-OFF

A projection| integrated into the filter element or housing to maintain ‘proper spacing befween filters
elements, o adjacent components.

3.3.31 SuPPORT

Part or feature used to provide support to the filter media’so as to prevent collapse. May also be
configured tp act as a baffle to direct flow or prevent media>damage from high velocity flow impingement.

3.4 Filter [Accessories

Auxiliary deyices incorporated into a filter to enhance its usefulness.
3.4.1  MAQNET OR MAGNETIC PLUG

A magnet which attracts and holds _ferromagnetic particles. See also 3.5.10, “Magnetic Elemént.”
3.42 SwifCH, FLow

An electric switch operated:by fluid flow.
3.4.3 SwifCH, PRESSURE

An electric switeh operated by fluid pressure.

3.4.4 SwITCH, DIFFERENTIAL PRESSURE
An electric switch operated by a difference in pressure.
3.4.5 VALVE

A device, which controls fluid flow, direction, pressure, or flow rate.

-10 -
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3.4.6 VALVE, By-PAss

A valve whose primary function is to provide an alternate flow path.

3.4.7 VALVE, CHECK

Iter housing

fluid intake
reventing air

Ss circuit to

A valve that provides directional control by permitting flow of fluid in only one direction.

3.4.8 VALYSTF-oW-CONTFROE

A valve whoge primary function is to control flow rate.

3.4.9 VALYE, RELIEF, DIFFERENTIAL PRESSURE

(a) A valve|lwhose primary function is to limit filter element differential pressure by opening a parallel
unfilteref fluid path around the media;

(b) a valve |nstalled in the filter housing whose function is to prevent pressurization of the f
from back flow or other pressure transient that might cause the Rousing to burst.

3.4.10 VALYE, INERTIA, SHUTTLE, INLET

A valve thaf moves in response to the forces associated, with maneuvering, switching the

between twq possible inlet openings so the inlet used is‘always submerged in fluid thereby p

ingestion.

3.4.11 VALYE, THERMOSTATIC

A valve thai operates in response to a.change in temperature, usually installed in a by-pa

open and prpvide enhanced flow undef ¢old conditions where the increased viscosity of the fl

the fluid fron
3.5 Filter
Classificatio
3.5.1 BI-D

A filter elem

h moving readily through-the filter media.
Element Types
n of filter elemeénts by construction, application or method of filtration

IRECTIONAL ELEMENT

uid prevents

brt-designed for flow in both directions.

3.5.2 CAK

ED ELEMENT

An accumulation of contamination that partially blocks off the filter media. May also be a layer of material
intentionally loaded on the filter media before the filter is placed in service to increase efficiency or to
create a depth media or a media with a special property or characteristic.

3.5.3 CLEANABLE ELEMENT

A filter element which when loaded can be restored by a suitable cleaning process to an acceptable
percentage of its original dirt holding capacity.

-11 -
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3.5.4 CORRUGATED ELEMENT

See 3.5.14,

3.5.5

“Pleated Element.”

DISPOSABLE ELEMENT

A filter element, usually enclosed in a housing, which is intended to be discarded and replaced after one
service cycle.

3.5.6 EXT

A filter elem
dimensional
3.5.7 FuL

A filter elen
operating pr

3.5.8 INsI
A filter elem
3.5.9 INTA
A filter elem
3.5.10 MAg

A filter comg
hold ferroms

3.5.11 Mo

A filter elem
equipment w

ENDED AREA ELEMENT

bnt whose medium is pleated or otherwise formed to obtain more effectiverarea w
envelope. See also 3.8.14, “Effective Area.”

| SYSTEM DIFFERENTIAL PRESSURE ELEMENT

nent which will withstand a differential pressure at least\equal to the maxin
bssure without structural or filter medium failure.

DE-OUT FLOW ELEMENT

bnt designed for normal flow outward from and>perpendicular to the axis of the filt
KE FILTER ELEMENT

bnt, which is installed in the pump intake line.

NETIC ELEMENT

onent which may be incorporated inside or outside the media support structure t
gnetic particles.

ULAR ELEMENT

hich it.services. The housing may also include a suitable closure for the filter cav

3.5.12 Our

SIDE:IN FLOW ELEMENT

ithin a given

hum  system

br element.

D attract and

ent, whichhas no separate housing of its own, but utilizes a housing incorporated into the

ty.

A filter element designed for normal flow perpendicular and toward the axis of the filter element.

3.5.13 PLAl

N ELEMENT

A filter element whose medium is not pleated or otherwise extended and has the geometric form of a
cylinder, cone, disc, plate, etc.

-12 -
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3.5.14 PLEATED ELEMENT

A filter element whose medium consists of a series of uniform folds and has the geometric form of a
cylinder, cone, disc, plate, etc.

3.5.15 PLUG-IN ELEMENT

See 3.5.11, “Modular Element.”

3.5.16 PRI\
The first filte
3.5.17 RES
A standby fil
3.5.18 RES

A filter elem
exposed ins

3.5.19 SEC
The second
3.5.20 SEL
A filter elem
3.5.21 SER
Two or more

3.5.22 STR

IARY ELEMENT

r element in a series, or the main filter element of a filtered by-pass filterassembl
FRVE ELEMENT

ter element.

FRVOIR ELEMENT

ent in a reservoir installed in series with a suction or return line. May be in an
de the reservoir.

DNDARY ELEMENT
of two filter elements in series.
F CLEANING ELEMENT
bnt designed to be cleaned without removing it from the filter assembly.
AL ELEMENT OR FILTRATION MEDIA
media layers of different pore size used to capture and retain successively finer

AINER

A coarse filtgr element.

bnclosure or

particles.

3.5.23 Suc

See 3.5.9, “I

= =
FMUNTILTER LLEVMIENT

ntake Filter Element.”

3.5.24 SUMP FILTER ELEMENT

See 3.5.18, “Reservoir Element.”

-13 -
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3.5.25 SURFACE ELEMENT

A filter element that uses a woven or punched single layer filter element material with uniform hole sizes.
The particle capture and retention mechanism is by straining or sieving of particles larger than the
nominal hole size.

3.5.26 THROW-AWAY ELEMENT

See 3.5.5, “Dispesable-Element>

3.5.27 Twq-STAGE ELEMENT

A filter element assembly composed of two filter elements or media in series.
3.5.28 WAGHED ELEMENT

A filter element in which a larger unfiltered portion of the fluid flowing parallel to the filter eldment axis is
utilized to cdntinuously clean the influent surface, which filters the lesser flow.

3.6 Filter Element Media

The porous materials, which performs the actual process of filtration.
3.6.1  ABSPRBENT MEDIA

A filter medium that holds contaminant by mechanical means.

3.6.2 ABSPRPTIVE MEDIA

See 3.6.1 “Absorbent Media.”

3.6.3 ADSPRBENT MEDIA

A filter medium primarily-intended to hold soluble and insoluble contaminants on its surface by molecular
adhesion.

3.6.4 ADSPRPIIVE'MEDIA

See 3.6.3 “Adsorbentfvtedia™
3.6.5 BINDER

Material applied to media during process, usually by dipping or spraying, to prevent media migration or
shedding in use.

-14 -
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3.6.6 COMBINATION MEDIA

A filter medium composed of two or more types, grades, or arrangements of filter media to provide
properties, which are not available in a single filter medium.

3.6.7

CoMPOSITE MEDIA

See 3.6.6, “Combination Media.”

3.6.8 DEP

A thick me
mechanism.
3.6.9 DEP

A media wh
“Caked Elen

3.6.10 EDgG

A filter med
ribbons, or S

3.6.11 MES

TH MEDIA

Hia layer that uses adsorption and entanglement as the particle capture a
See also 3.5.21, “Serial Element.”

DSITED MEDIA

nent.”
E MEDIA

ia whose passages are formed by the adjacent surfaces of stacked discs,
ingle-layer filaments.

H

The count ¢r number of mesh opening per-linear distance in a woven filter cloth, e.g.,

indicates 25

3.6.12 NON

A filter medi

3.6.13 PRE

A media that has been treated with a coating or a deposit to impart special characteristics 1

whereby thg
for a particu

D openings per inch. Usually specified in inches, but may be specified in millimet
-WOVEN MEDIA
h composed of a random mat of fibers.

COATED MEDIA

media’s ability to collect and hold contamination is enhanced; a coating that

artype of particle to attract and hold a specific type of contamination. See also

ch primarily retains contaminant on its surface or within tortuous passages. Se

nd retention

P also 3.5.2,

cdge-wound

“250 Mesh"
rs.

a)
-

o the media

5.2, “Caked

h;[s an affinity

Element.”

3.6.14 SINTERED MEDIA

A metallic or non-metallic filter medium processed to cause diffusion bonds at all contacting points.

3.6.15 SUR

FACE MEDIA

A filter media, which primarily retains contaminant on the influent face.

-15 -
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3.6.16  WOUND MEDIA

A filter medium comprised of two or more layers of helical wraps of continuous strands or filament in a
predetermined pattern.

3.6.17 WOVEN MEDIA

A filter medium made from strands of fiber, thread, or wire repetitiously interlaced into a cloth on a loom.

3.7 Filter
Conditions t
3.71 ART
A filter elem
3.7.2 BRIC

A condition

Element Operating Mode Conditions

nat may occur during operation of the filter throughout its useful life.
FICIALLY LOADED

bnt that is loaded with a controlled laboratory test contaminant.
GING

pf filter element loading in which contaminant spans‘the space between adjacen

a filter elemgnt thus blocking a portion of the useful filtrationcarea.

3.7.3 BUR
An outward
3.7.4 CAK

An accretior]
filtration effig

3.75 CLE
A new or prg

3.7.6 Col

ST
structural failure of the filter element caused by excessive differential pressure.

NG

iency.
N
perly cleaned-filter element.

| APSED

An inward s‘ructural failure of the filter element caused by excessive differential pressure.

t sections of

of contaminant or particulate that can result in reduced flow and at the same tinpe increased

3.7.7 CHA

See 3.7.16 ¢

NNELING

Tunneling”

3.7.8 CONTAMINATED

A filter element which contains foreign particles resulting from handling, storage, and fabrication.
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3.7.9

A used filter

3.7.10 FATI

DIRTY

element that is partially or completely loaded.

GUED

A structural failure of the filter medium due to flexing caused by cyclic differential pressure.

3.7.11 Loa

BED.

A filter elem
pass rated f

3.7.12 PING

A pleat clos
filter elemen

3.7.13 PLu
See 3.7.11,
3.7.14 Rup
Any tear or §
3.7.15 SER
A filter elem
3.7.16 TuN

Breakdown
or thermal) f

3.8 Filter

Those facto

o

bnt that has collected a sufficient quantity of insoluble contaminants such that'it ¢
ow without excessive differential pressure.

HED PLEAT

bd off by excessive differential pressure or crowding, thus reducing the effective
t.

SGED

‘Loaded.”

TURED

plit in the filter medium.

VICE LOADED

bnt, which is loaded from actial use.
NELING

pf the filter media-caused by focused fluid flow; a hole or tear caused by high en
uid stream,

Performance

sCwhich describe the functions and attributes of a filter or filter element.

N no longer

area of the

ergy (kinetic

3.8.1

ABSOLUTE FILTRATION RATING

Historically, the diameter of the largest hard spherical particle that will pass though a filter under specified
test conditions. Due to lack of reproducible test methods, this rating is now deprecated.
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3.8.2

BETA RATIO

A value calculated by measuring particle size concentration up and downstream of the filter assembly,
used as an indicator of filter efficiency.

_ Number of particles larger than X upstream
Number of particles larger than X downstream

By

(Eq. 1)

3.8.3 Bus|

The differen
filter elemen

3.8.4 BUR

The pressu
structural or
3.8.5 BUR

The maximy
outward stru

3.8.6 CLE

The ability ¢f a cleanable filter element to withstand repeated field cleanings and retain a

capacity and
3.8.7 CoL
The outside

3.8.8 Cou

The maximy
inward struc]

BLE POINT

tial gas pressure at which the first steady stream of gas bubbles are emitted fr
t under specified test conditions; a means to indicate the pore size.

ST PRESSURE

e which causes rupture. Also, the inside-out differential pressure that cau
filter medium failure of a filter element.

ST PRESSURE RATING

bm a wetted

ses outward

m specified inside-out differential pressure which can be applied to a filter element without

ctural or filter medium failure.

ANABILITY

service life.

| APSE PRESSURE

dequate dirt

in differential pressure that causes structural or filter medium failure of a filter elenent.

| APSE PRESSURE\RATING

m specified outside-in differential pressure which can be applied to a filter elefent without

tural o filter medium failure.

3.8.9 CoN

TAMINANT CAPACITY

See 3.8.12, “Injected Capacity,” and 3.8.32, “Retained Capacity.”

3.8.10 CONTAMINANT MIGRATION

Contaminant, previously captured by the media, that has passed through the media, been released, and
has proceeded downstream.
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3.8.11 DIFFERENTIAL PRESSURE

The differen

3.8.12 INJE

ce in pressure between any two points of a system or a component.

CTED CAPACITY

The weight of a specified artificial contaminant, which must be added to the influent to produce a given
differential pressure across a filter at specified conditions.

3.8.13 Dus
See 3.8.12,
3.8.14 EFF
The total ar
media is usl
distribution ¢
effective tha

3.8.15 EFF

The ability,
concentratio

3.8.16 END

The axial fol
failure.

3.8.17 END

The maxim
deformation

3.8.18 FILT]

See 3.8.2, “I

T CAPACITY

‘Injected Capacity.”

ECTIVE AREA

pa of the porous medium in a filter element exposed to flow:.Note that the flow|
ally not the same everywhere because of the proximity and-configuration of the
hannels, media supports, and baffles and, as a result, some areas of the media
h other areas.

CIENCY

bxpressed as a percent, of a filter to remove. a specified contaminant at a given
N under specified test conditions.

LOAD

LOAD RATING

Um specified axial force which can be applied to a filter element without
or seal failure:

RATION-RATIO

Beta ‘Ratio.”

through the
ousing, flow
may be less

contaminant

rce applied to the end of a.filter element which may cause permanent deformation or seal

permanent

3.8.19 FLow FATIGUE

A structural failure of the filter medium due to flexing caused by cyclic flow.

3.8.20 LARGEST PARTICLE PASSED

See 3.8.1, “Absolute Filtration Rating.”
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3.8.21 MEDIA MIGRATION

Contaminant, in the form of filter media that has separated from its substrate, or manufacturing debris left
in the filter assembly, that is released and proceeds downstream.

3.8.22 NOMINAL FILTRATION RATING

An arbitrary
deprecated.

3.8.23 OPE

The ratio of
applicable tq

3.8.24 PER

The pore an
perforated f4

3.8.25 PER
The relation
3.8.26 POR

The ratio of
percent and

3.8.27 POR

The ratio of
media such

3.8.28 PRE

See 3.8.11,

micron value listed by a filter manufacturer.

Due to lack of repro

ducibility t

N AREA RATIO

pore area to total area of a filter medium expressed as a ratio, fraction, or perd
woven or perforated fabrics.

CENT OPEN AREA

pa of a filter medium expressed as a percent of total area. This is applicable
\brics. See also 3.8.23, “Open Area Ratio.”

MEABILITY
5hip of flow per unit area to differential pressure across a filter medium.
E SizE DISTRIBUTION

the number of holes of a given sizeto the total number of holes per unit area exj
as a function of hole size.

OSITY

pore volume to tetalvolume of a filter medium expressed as a percent. Applica
ps sintered or non-woven fabric.

5SURE DROR

‘Differéntial Pressure.”

h
D.

is rating is

ent. This is

to woven or

ressed as a

ble to depth

3.8.29 PRE

—
OURE IM"ATIGUE

A structural failure of the filter medium due to flexing caused by cyclic differential pressure.

3.8.30 PrO

OF PRESSURE

The non-destructive test pressure in excess of the maximum rated operating pressure, which causes no
permanent deformation, excessive external leakage, or other malfunction.
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3.8.31 REs

IDUAL DIRT CAPACITY

The dirt capacity remaining in a service loaded filter element after use, but before cleaning, measured
under the same conditions as the dirt capacity of a new filter element.

3.8.32 RETAINED CAPACITY

The mass of particulate contaminant effectively retained by the filter element when terminal pressure is

reached. T
contaminant
“Injected Ca

3.8.33 SLO

The release
enclosure.

3.8.34 TER

That differen
has reached

o o o kel oo ot Ao Iha Aolailotadl fenn +ood Aot by, oldeo by 4
nmo To Aart UIII'JIIIUQI VATULD T'idAatl LAl VO vdivuriatltocu 1TuTnIT Tovol Uudila I.Iy ouuuuuully 1Y
remaining in the test stand at the end of test from the Injected Dirt Capacity,
pacity”. The Retained Capacity may be used as an indication of relative sefvice |
JGHING OFF

of contaminant from the upstream surface of a filter element to the*upstream sid

MINAL PRESSURE

tial pressure required to produce a specified flow.rate at a specified viscosity w
its specified dirt capacity.

3.8.35 TOR[TUOSITY

The ratio of

filter mediun.

3.8.36 Tot

The entire a

3.8.37 UNL

The release

3.8.38 Vol

he average effective flow path length{o’/minimum theoretical flow path length (th

AL AREA

rea of a porous media, whether effective or not, in a filter element.
DADING

of contaminantthat was initially captured by the filter media.

FRACHRON

See 3.8.27,

‘Rorosity.”

ne weight of
see 3.8.12,
fe.

b of the filter

hen the filter

ckness) of a

3.9 Separator

A device whose primary function is to isolate contaminants by physical properties other than size.
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3.9.1

ADSORBENT

A separator that retains certain soluble and insoluble contaminants by molecular adhesion.

3.9.2 CENTRIFUGAL

A separator that removes non-miscible fluid and solid contaminants that have a different specific gravity
than the fluid being purified by accelerating the fluid in a circular path and using the radial acceleration

iaalata-thacae-canianmikania
TOUTATC U TC ST OO ItaAT T i e 1tSe

component
3.9.3 CoA

A separator|
between the

3.9.4 ELE

A separator
contaminant

3.9.5 MAG

A separator
Element.”

3.9.6 Twd
A separator
3.9.7 VAC

A separator|
liquid becau

4. Tests

4.1 Hydrg

LESCING

that divides a mixture or emulsion of two immiscible liquids using' the interfg
two liquids and the difference in wetting of the two liquids on a particular porous

CTROSTATIC

that removes contaminant from dielectric fluids by applying an electrical ch
which is then attracted to a collection device of differént electrical charge.

NETIC

that uses a magnetic field to attract and held‘ferromagnetic particles. See 3.5.1

PHASE
that is capable of dividing a liquid and gas mixture.
UM

that utilizes sub-atmospheric pressure to remove certain gases and liquids f
e of their differenee in vapor pressure.

and Equipment

ulic_Test Circuits

cial tension

medium.

arge to the

D, “Magnetic

rom another

The circuits

filters operating at pressures above atmospheric - “Pressure Mode.”

ftustrated-mFigores—tAand-tBare basedomapprovedpractice outlined- SO
These circuits are

6889 to test
suitable for

completing all tests in this recommended practice except “Pressure Drop (Flow Rating)” at extreme cold
temperatures, generally taken to mean temperatures below —25 °C. These circuits are preferred for
completing 5.1.1 “Steady State Multi-Pass Efficiency” (Figure 1A) and 5.1.2 “Pulsed Flow Efficiency”
(Figure 1B) tests because they permit direct measurement of particle size concentration and distribution
by automatic particle counters. Figures 2A and 2B illustrate circuits appropriate when test filter flow is
compelled via atmospheric pressure — generally known as “Suction Mode.” These circuits are likewise
suitable for evaluating “Steady State Multi-Pass Efficiency” (Figure 2A) and “Pulsed Flow Efficiency”
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(Figure 2B); however, this alternate method infers influent contaminant concentration via reservoir
sampling in lieu of upstream and downstream particle counting. Both methods, “Pressure Mode” or
“Suction Mode,” require validation in accordance with procedures outlined below (see 4.4.7.3
“Validation”). For either method, the Test Stand supply must be capable of producing sufficient flow,
controlling temperature and pressure, and maintaining the test contamination in suspension throughout
the test.

FLOW HEAT FLOW
METER EXCHANGER METER
00 5, S
. Al
} A\l
HEAT FLOW ~
EXCHANGER B
CHECK VALYE
SYSTEM
* Hites,
FLOW vaLvE
I CONTROL Y
\ I VALVE
SYSTEM
CLEAN-UP \
FILTER
0 OIFEERENTIAL
PRESSURE
NS TcAToR
< check @
VALVE
VE | PRESIURE
ow GRUGE
v | conTROL | TESTARILTER @
CTRCULATING IR AL A
PUMP f =~ v
VAR ABLE
Flov Fae
Ef X SENSOR SENSOR
SAMPLING
POINT I SAPI\:JDII.NI'NC
I AUTOMATI C
FARTICLE
COUNTER WASTE
INJECTOR SYSTEM TEST SYSTEM RESERVOIR

FIGURE 1A—TYPICAL INTAKE FILTER TEST CIRCUIT: PRESSURE MODE,
STEADY STATE'MULTI-PASS TEST

FLOK } HEAT FLOW
METER EXCHANGER METER
Q0! <D¢ SO
fray sl
exdiimicer (T GENIROL v VA
SYSTEM
Fitter,
¥ e
FLOW
CONTROL. AT .
: _, VALVE
s0LENOID
SYSTEM
O CLEAN-UP \ GPERATED
INDICATOR | FILTER it
DIFFERENT 1AL
CONICAL = CHECK INDIGATOR
IRESERVOIR VALVE VALVE AP
TENP
VALVE INDI CATOR ressuse
~
TLOW
@ > . . BTl | TesT FiLTER
ORALL _—
cm%Jul.MJ};rluc RESERVCIR a ¢< B [
}f Visrase
FLON PUMP
SENSOR
SAMPL ING
SAMPL I NG
POINT | AL
| AUTOMAT | &
PART ICLE
COUNTER WASTE
INJECTOR SYSTEM TEST SYSTEM RebeREIR

FIGURE 1B—TYPICAL INTAKE FILTER TEST CIRCUIT: PRESSURE MODE,
PULSED FLOW EFFICIENCY TEST
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HEAT FLOW
EXCHANGER METER

FLOW
METER
@ o
| PressuRe ¥ <
¥
L
[k

FLOW
HEAT
EXCHANGER CONTROL

I\
&

TEST
| / FILTER
\ |
SYSTEM
Tene CLEAN-UP /
1noleAToR FILTER SYSTEM

CLEAN-UP

|—<E>7 (D Te FILTER
NG CATOR
\]\ *

concAL
RESERVO1 & VALYE
concaL
VALVE | RESERVOIR \<|/ VALVE
AL I C

HYDR,
CIRCULATING
PUMP

HYDRAUL |
PUMP VARIABLE VALYE
FLO PUNF

SENSOR

SEMPL ING SENSOR

POINT

SONPLING
POINT

AUTOMATIC
PART ICLE
COUNTER

TEST SYSTEM neStRubi

INIECTOR SYSTEM

FIGURE 2A—TYPICAL INTAKE FILTER TEST CIREUIT: SUCTION MODE,
STEADY STATE MULTI-PASS/ TEST

FLOW HEAT FLOW
METER EXCHANGER METER
@ | PRESSURE f@l ®7
GalcE
FLOW
HEAT
EXCHANGER CONTROL T~
SYSTEM ‘
CLEAN-UP

INDICATOR FILTER SYSTEM
CLEAN-UP

FILTER

conlcaL
RESERVO IR
conleaL
RESERVOIR VALVE
HYDRAUL | ¢ ‘
CIRCULAT NG
PUMP, HYDRAUL IC
Ef PUMP Vg aBLE vALYE
FLOW PP
SENSOR
SAMPLING SENSOR
POINT

R
SAMPLING
| COUNTER LI

INJECTOR SYSTEM \ TEST SYSTEM =

FIGORE ZB—T YPICACINTARE FILCTER TEST CIRCUIT SUCTIONMODE;
PULSED FLOW EFFICIENCY TEST

Hydraulic Punp X Sampling Point

|| waste Reserveir Variabls Flow Pump ® Flow Meter (s)

* Di ffuser @
v conical Reserveir X Flaw Control APC or Senzor| Autgmatic Particls Counter

nsx Filter Sheck Valve (BF) bitrersntial Prossure
@ System(s) Filter Solonsid @ Pressure Gauge

<P Shutoff Valve Heat Exchanger Temperature Sensor(s)

o

FIGURE 3—SCHEMATIC LEGEND
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NOTE—AIl equipment, test stand circuits, measuring devices and data acquisition equipment must be

certi

ified in accordance with ISO 16889, ISO 11943 and ISO 11171.

The Hydraulic Schematic

Legend, Figure 3, illustrated previously, is applicable to all schematics found in this document.

4.2 Test Fluid

4.21

Shall be conducted usmg the transm|SS|on manufacturers specmed f|UId ie.,

used for “F3
cleanliness

422 FuLT

Shall be corn
media migr

Paragraph §.

not appropri
43 Test(

Test contan
powders an
filtration tes
conducted,

Multi-Pass t

FILTER PRESSURE DROP TEST

erlflcatlon must be specified.

FR CONTAMINANT RATING TESTS

ducted with MIL H 5606 G Hydraulic Fluid to establish standard rdtingfor test d
htion and filter efficiency. Alternative fluids meeting the specifications of
7 “...petroleum base test fluid...” may also be used. Automatic' Transmission Fi
bte for use in this test.

Contaminants

inants may be divided into four major categoriesythat include test dust, glass &
H special test contaminants that have a documented formulation.
t (e.g., efficiency, capacity, etc.) and the\specifications to which these test
bne or more categories of test contaminants may be utilized in the following Filt
bst procedures. A description of the test contaminants and their test use follows

Filter Assembly Test Report, Steady State Multi-Pass Efficiency Test (see Figure 4) must

formulation,
material con|

431 TES
In accordan
a naturally 0
dusts are a
Arizona des
multi-pass f
standard grg

NOTE—Par

identification, originating laboratory, governing standard, particle size distr
tent.

[ DusT

Ce with ISO 121031 test dusts are usually manufactured from Arizona desert s
iccurring contamifant consisting primarily of silicon dioxide and other compounds
prasive in nature‘and are commonly found as contaminants in motor vehicle g
brt sand has/a-density of approximately 2,650 kg/m°. Generally, Arizona Test DU
ltration -efficiency tests and capacity tests. Arizona Test Dusts are classifi
des described in Table 1, “Test Dust Classification.”

Agraph 4.3.1.1 describes how to make dry test dust stock from bulk material. T

the flwd mtended to be

od for fluid

st capacity,
ISO 16889,
uid (ATF) is

eads, metal

Based on the specified

.\

5 are being
br Assembly

The Intake
indicate the

bution, and

and which is

These test
ower trains.
st is used in
bd into four

nis stock will

be used (added) to the hydraulic test system to achieve particle concentrations found in Table 3A

and

3B, “Acceptable Cumulative Particle Counts per 100 milliliter.”
TABLE 1—TEST DUST CLASSIFICATION

ISO Designation Description Approx. Bulk Density
1SO 12103-1 A1 0-20 Micron Test Dust 500 kg/m®
Ultrafine
1ISO 12103-1 A2 1 — 120 Micron Test Dust 900 kg/m®
Fine
1SO12103-1 A3 2 — 120 Micron Test Dust 1025 kg/m’
Medium
I1SO 12103-1 A4 5 — 200 Micron Test Dust 1200 kg/m®

Coarse
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4.3.1.1  For pulsed flow efficiency tests, the preferred test contaminant is Coarse Sieved Grade (140 to
300 microns) graded silica grains, sieved and calibrated in accordance with ASTM C 778,
“Graded Sand Specifications.” Preparation of the mix is as follows: For Use C778 graded silica
grains. The test contaminant consists of two parts, each contributing to the final mix, 50% by
weight. Pass the stock material through a 514-micron screen, then through a 250-micron
screen. All material captured on the 250-micron screen is to be used for part 1. Material that
has passed through the 250-micron screen should then be passed through a 150-micron
screen. All material remaining on the 150-micron screen is to be used for part 2.
4.3.1.2 F¢r Multi-Pass Efficiency Tests, the preferred test contaminant is “Medium Sieved|Grade” (20-
190 micron) made from ISO 12103-1 A4. Prepare this material by sieving IS© [12103-1 A4,
“Qoarse” test dust with a 53 micron screen in accordance with ASTM Procedure ASTM MNL32,
“Manual on Test Sieving Methods.” All material remaining on the 53-micron screen after first
passing through a 100-micron sieve is to be used as the “Medjunt Sieved |Grade” test
cqntaminant.
Test
Test Lab Date Tech
Filter Assembly Part No. Rev Level & Date
Test ID No

Test Cpnditions

Test Flujd Supplier Test Temperature

Test Coptaminant Type Supplier Certification

Test Sygtem — Main

Flow Rate Initial Volume Final Volume

Base Upstream Concentration Level

(See Taple 2 “Test Condition Values” for

specificgtion)

Injectipn

System

Injection

System

Paramefers Initial Final Average  Injection Parameters

System Volume (1) Injection Flow (I/min)

Concentration  (mg/l) Concentration (mg/l)

Counting

System Counter and Sensor Ref | FlowRate  (I/min) | Dilution Ratio

Upstream

Downstream

Counter

Calibration Method Date

FIGURE 4A—TYPICAL INTAKE FILTER ASSEMBLY TEST REPORT STEADY-STATE
MULTI-PASS EFFICIENCY TEST
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Differential Pressure
Filter Assembly -

Filter Assembly-Clean Terminal

Differential Pressure versus Contaminant added

_'Il_'_est Assy _'Il_'_est
IMe | Diff |Injected Time IMe | Assy Diff |Injected

Time Intew_ar‘(eTI?nfeS_)ed Press | Mass Interval (etl_ia,%d Press] | Mass

10% 60%

40% 70%

30% 80%

40% 90%

90% 100%

Retained Capacity

Contaminant Mass Injected mg Contaminant Mass Retained| _ mg
Upstream Gravimetric Level

@ 80%

mg/I

FIGURE 4B—INTAKE FILTER ASSEMBLY TEST REPORT STEADY-STATE
MULTI-PASS EFFICIENCY TEST (CONTINUED)
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FIGURE 4C—INTAKE FILTER ASSEMBLY TEST REPORT STEADY-STATE

MULTI-PASS EFFICIENCY TEST (CONTINUED)
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4.3.2 GLASS BEADS

Micronic glass beads are used primarily in single pass efficiency tests to improve repeatability when
gravimetric analysis is required. The beads are generally round, smooth spheres, and as such, are
considered by most filtration experts to be non-representative of contaminants found in actual
applications. For these and other reasons, glass beads require special handling (see SAE HS 806).
Glass beads are readily available in sizes from 10 microns to 150 microns. However, the following sizes
are most frequently used:

4.3.2.1 10 to 20- Micron Glass Beads

Used for high efficiency pressure side filters, such as used in hydrostatic transmission.
4.3.22 10 to 70- Micron Glass Beads

Used for gemeral pressure side filters, such as lubrication filters.

4.3.2.3 10 to 150- Micron Glass Beads

Used for sugtion filters, coarse pressure filters such as barrier scfeens, and pump intake filter

o

4.3.3 METAL POWDERS
4.3.3.1  Synthetic Formulations

Synthetic fofmulations constituted with a particle size distribution and material content as spdcified by the
design engiheer and accompanied by laboratory certified distribution may be used in tpsts of filter
assembilies |ncluding those that have an.auxiliary means of particle capture and retention.

4.3.3.2 Irpn Based Powder Metal (PM) Base Stock

For special fests that require-metal powders of known particle size distribution and chemical content to
test auxiliany means of particle’capture such as magnets, specially prepared contaminants may be used.
Laboratory dertification of particle size distribution and material content shall be obtained.

4.3.4 OTHER CONTAMINANTS

Other contgminants not specified herein may be used for testing under this recommended practice.
However, alHtestresuttsmustbeaccompanied-byam“mntakeFitter-AssembtyTestReport—Steady State
Multi-Pass Test” (see Figure 4), and/or an “Intake Filter Assembly Test Report, Pulsed Flow Test” (see
Figure 5) indicating the formulation identification, originating laboratory, governing standard, particle size
distribution, and material content.

4.4 Test Equipment

Suitable test circuits that have proved successful are illustrated in Figure 1A and 2A. Related equipment
not illustrated which may be useful or necessary is described below.
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le timer for measuring time.

441 TIMER
Use a suitab
4.4.2

PARTICLE COUNTER

Use an automatic particle counter(s) calibrated in accordance with ISO 11171.

4.43 TES]

£ ONTADAAN TS
OO TAIVITINAIN T

Use the test
in 4.3 “Test
and distribut
200 gms af
ultrasonicall

4.4.4

Use an onlin
accordance
445 SaM
Bottle samp
method. H

milliliter of b
Sample Con

contaminant specified by the test requester. If different from those test contani
Contaminants,” the requester must provide full definition to include particle-size ¢
ion. Dry the contaminant in an oven at 110 °C for not less than 1 hour for quantit
d for use in the test system. Mix in the test fluid. Mechanically agitate th
with a power density of 3000 Watts/m® to 10 000 Watts/m°.

PARJTICLE COUNTING

e particle counter (see 4.4.2), with a dilution system-if necessary, that has been
with 1ISO 11943.

PLE BOTTLES

es should be used for gravimetric analysis only. Online particle counting is t
bwever, for gravimetric analysis, use.!sample bottles containing less than 20
pttle volume greater than 6 microns.as qualified per ISO 3722, “Hydraulic Fluid P
tainers — Qualifying and Controlling Cleaning Methods.”

inants listed
pncentration
es less than
en disperse

validated in

ne preferred
particles per
pwer — Fluid
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Test Lab Test Date Tech

Filter Assembly Part No. Rev Level & Date
Test ID

Test Conditions

Test Fluid Supplier Test Temperature

Test Corftaminant Type Supplier Certification

Test System - Main

Flow Rate Initial Volume Final Volume
Base Upgtream Concentration Level

(See Tahle 2 “Test Condition Values” for

specificafion)

Injection] System

Batch
No. 1 2 3 4 5 6 7 8

Batch Weight (mg)

Batch Sig¢ve Date

Test Regults

Differential Pressure
Filter Assembly -
Filter Asgembly-Clean Terminal

Differential Pressure versus Contaminant added

Test Test Assy
;;2::1 Assy Diff| Injected Time (1-';2221 Diff ||Injected
Time Ipterval | ¢me) | Press | Mass Interval | tme) | Press|| Mass
10% 60%
20% 70%
30% 80%
40% 90%
50°/:| 1000/1

Retained Capacity

Contaminant Mass

Contaminant Mass Injected mg Retained ___mg
Upstream Gravimetric Level @
80% mg/|

FIGURE 5A—TYPICAL INTAKE FILTER ASSEMBLY TEST REPORT - PULSED FLOW TEST
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FIGURE 5B—INTAKE FILTER ASSEMBLY TEST REPORT - PULSED FLOW TEST (CONTINUED)
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TABLE 2—TEST CONDITION VALUES

Base upstream gravimetric,

Test Conditions'

|(1)(2)

mg/

(1)

Condition 1
For small or high efficiency filters.

@)

10 mg/l + 2.0 mg/l

Condition 2°
For large or coarse filters.
15 mg/l = 3.0 mg/l

Initial contamination level for Main
Reservoir and circuit (test filter

system)

Initial contamination level for

injection reservoir and circuit
Recommended particle founting

sizes”

Sampling and counting

nethod

filter performance range from Beta = 2 to Beta =1000.
Typical sizes are 5, 10, 20, 40, 80, 100 and 150 micron. Typical sizes are 5, 10, 20,40, BO, 100 and 150 micron.

Less than 1% of the minimum specified in Table 3A or

Less than 1% of injection gravimetric level.

Online automatic particle counting

Less than 1% of the minimum specified in Table 3A or
3B, “Acceptable Cumulative Particle Count per Milliliter.” 3B, “Acceptable Cumulative Particle Count per Milliliter.”
Measure at the minimum particle size to be counted.

Measure at the minimum particle size to be counted.
Less than 1% of injection gravimetric level.

TFo cover the presumed

filter performance range from, Beta = 2 to Beta =1000.

Online automatic particlg Countjng

1. This table lists two
used for large or ¢|
Concentrations sh

2.  When comparing {

3.  To establish partic|
and the procedure

contamination concentration levels. Test Condition 1 may be used for small or high efficiency filters. [Test Condition 2 may be
parse filters. Test Contaminant Concentration has a significant impact on reported efficiency, capacityl and test duration.

puld be selected such that test duration is at least 120 minutes. The test requestenpmust-Specify whicH Test Condition to use.
pst results between two filters, the base upstream gravimetric level should be the same.
e size distribution, especially for Coarse Sieved contamination, see 4.3.1.1 and4.3.1.2 regarding preferred test contaminants
5 described therein for qualifying the particle size distribution. Also see the-note following Table 3B.
4.  Particle size counts where filter beta ratings high (Beta = 200 or greater) may be unobtainablé for coarse filters.

TABLE 3A—ACCEPTABLE CUMULATIVE PARTICLE COUNTS PER 100 MILLILITERS FOR

STEADY STATE MULTI-PASS OR PULSED FLOW-EFFICIENCY TESTS, MEDIUM

SIEVED GRADE (20 TO 140 MICRONS)

Partigle Size

Test Condition 1

Test Condition 1

Test Condition 2

Test Condition 2

(mig¢rons) Min Max Min Max
20 3000 6000 4500 9004
10 1000 2000 1500 3004
60 500 1000 750 150(
80 200 400 300 600
00 50 100 75 150
20 50 100 75 150
40 50 100 75 150

TABLE 3B: ACCEPTABLE CUMULATIVE PARTICLE COUNTS PER 100 MILLILITERS FOR

PULSED.FLOW EFFICIENCY TESTS, COARSE SIEVED GRADE
(50750 MIX; OF 150 TO 250 MICRONS, AND 250+ MICRONS)

ParticIIE Size Test Condition 1 Test Condition 1 Test Condition 2 Test Condition 2

(microns) Min Max Min Mak
140 1000 2500 1500 3750
140 600 1500 900 2240
180 300 750 450 1125
200 200 500 300 750
220 200 500 300 750
240 100 250 150 375
260 100 250 150 375
280 50 125 75 188
300 50 125 75 188

NOTE—High filter efficiency claims require a sufficient concentration of particles at the claimed micron
size in the fluid to insure the filter media is adequately challenged, e.g., a claim of Beta = 100 at
200 microns requires a minimum concentration of 1000 particles at 200 microns.
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446 TESTFLUID

Use petroleum based test fluid with properties as detailed in ISO 16889. MIL H-5606 G is one such fluid
and is usually used. This fluid has worldwide availability and, because its manufacture is carefully
controlled, its use assures greater reproducibility. It is also the fluid of choice in most other generally
accepted filter test standards.

4,47 TEeST CIRCUITS

The test cir
pressure dr

cuits illustrated in Figures 1A and 2A are suitable for steady state contaminat
pp tests. For more detailed information, refer to ISO 16889. Additionaktest

described and illustrated in 4.4.8 of that standard and shown in figures referenced there!

ter Test Circuit, Filter Efficiency, Capacity and Pressure Drop Test.

reservoir, pump, fluid conditioning apparatus and instrumentation that are
odating the range of flows, pressures, and volumes required by the procec
of meeting the validation requirements of 4.4.7.3.

eanup filter capable of providing an initial system contamination level as specifie
ndition Values.”

Use a configuration that is relatively insensitive to the intended operative contaminant lev

onfiguration that will not alter the test contaminant distribution over the ant

Esure taps in accordance with ISO 3968.

sampling section upstream and downstream of the test filter in accordance with
ffuser nozzle(s) shall be located below the fluid surface and all piping shall be
turbulent flow.

tion Mode” circuits (see Figure ,2A) the following additional requirements apply:
Main Reservoir must havé a fluid circulation system consisting of a pump, pipin
ser of appropriate design to provide one to two complete reservoir fluid changes

em.
test filter will be located in the Main Reservoir, below the surface of the fluid, ar
bame orientation as found in the vehicle.

4.4.7.1 Fi
a. Use a
accomnm]
capable
b. Useac
“Test Cq

c.
d. Use a
duration
e. Usepre
f.  Use fluig
g. Outlet d
result in
h. For “Sug
1. The
diffu
2. The
syst
3. The
the
NOTE—Ma

for
part
con

ual sampling, i.e., “bottle sampling,” is not suitable for particle counting and shg
ravimétric analysis only. For bottle sampling, quarter-turn ball valves must be

on test and
circuits are

capable of
ure, and is

H in Table 2,
B,

cipated test

SO 4021.
designed to

g and outlet
ber minute.

upstream automaticsparticle counter shall be fed from a pressure tap in the fe-circulation

d fixtured in

uld be used

cle-counting devices, suitable sample connectors must be fitted at the filter inl

Particulate Contamination Analysis; Extraction of Fluid Samples from Lines of Operating
Systems.” These fittings are specially designed to permit sampling of fluid at reduced flow rates
without collecting test contaminant themselves and thus affecting the particle concentration and
distribution.
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4.4.7.2 Contaminant Injection System (Filter Efficiency Tests only)

a.

Use a reservoir, pump, fluid conditioning apparatus and instrumentation that are capable of

accommodating the range of flows, pressures, and volumes required by the procedure, and is

capable

duration
4021. §
4.4.7.3 Fi

For test star
2A “Intake

16889. Regardless of test method, test stand validation must be verified no-less than once

quarter.

448 ADD

Fluid sag

of meeting the validation requirements of 4.4.7.3.

ter Test System Validation

ds operated as illustrated in Figure 1A “Intake Filter Test Circuit - Pressure Mod
Filter Test Circuit - Suction Mode”, test stand validations mustibe in accordan

TIONAL TEST CIRCUITS

4481 A

Test”, and Figures 2B, “Suction Mode, Pulsed Flow Efficiency Tests”. Tk
requirements apply:

Equipm
“Steady
accelerd
need to

“Suction
accelerd
need to

The reduirements contained in 4.4.7.1 (A).through (H) including the capability of
validation procedures 4.4.7.3.

The pulse control circuit (bypass circuit}-must produce a time response such that t
constanf for the required flow amplitudedefined on the Filter Application and Data Sheet
6) is les$ than 200 millisec. See Figure 8, “Pulsed Flow Efficiency Test, Time/Pressure P

Equipmeént and circuit:connections illustrated in Figure 2B are essentially identical td

ditional test circuits are illustrated in Figure 4By “Pressure Mode, Pulsed Flo

nt and circuit connections illustrated in Figure 1B are essentially identical td
State Multi-Pass Efficiency Test” except a bypass valve is added to ad
tion and deceleration of flow through the test filter. The Main Reservoir pump @
be greater than,that required for “Steady State Multi-Pass Tests.”

Mode, Steady State Multi-Pass Test” except a bypass valve is added to a
tion and-deceleration of flow through the test filter. The Main Reservoir pump @
be greater than that required for “Steady State Multi-Pass Tests.”

Use a configuration that is relatively insensitive to the intended operative contaminant level.
Use a configuration that will not alter the test contaminant distribution over the anticipated test

ce with ISO

e,” or Figure
ce with ISO
pber calendar

w Efficiency
e following

meeting the

ne first time
(see Figure
rofile.”
Figure 1A,
hieve rapid
apacity may

Figure 2A,
Chieve rapid
apacity may
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4.4.8.2 Extreme Cold Temperature Equipment

The equipment used for these tests is intended to establish flow and pressure drop relationship only. No
contamination testing is intended to be completed with this equipment. See Figures 7A and 7B.

a.

Use a reservoir, pump, (accumulator or cylinder rigged to compel flow through the filter) appropriate
controls, fluid conditioning apparatus and instrumentation that are capable of accommodating the

range of

flows, pressures, and volumes required by the procedure.

tranacfar acu 3 3 t3 1ol | Al lal v
LI}

+

AS in excess

Therma
of £2 °C
Flow me
flow me
for use

gauge.

Test FIU
factory 4

If operziIed in “Suction Mode,” see Figure 7A, an alternative to~flow measurement

measur
algorithn
If opera
fixture (4
If a test
controllg
All instd
encount

oL
T

4]

enelesure-and-heattransterequipment-mustrot-createtocatized-cold-ot
(4 °F).

asurement devices must be capable of discerning presence of undissolved-air g
er. It must be intended for extreme temperature and fluid viscosity and-able to
inder these conditions. The flow meter must not be located between'test filter &

id should be “Factory Fill” ATF with verification that water content and clear
pecifications. Undissolved air must be absent at Standard Temperature and Preg

ment of cylinder displacement (movement) with appropriate signal cond
ns to indicate flow rate and total volume passed.

ealed housing) and differential pressure must be measured.

circuit illustrated in Figure 7B is used, the cold:reservoir must be of sufficient size
d rise in flow from zero to rated cold flow.

umentation must be capable of operation at the temperature and fluid ch
bred under these tests, and such parameters defined in the equipment’s ratings.

r be a mass
e calibrated
nd pressure

liness meet
sure (STP).
may include
tioning and

ed in “Pressure Mode,” see Figure 7B, test filter must be installed in a rigid I¢ak free test

to provide a

aracteristics
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Filter Design/Application Data Sheet

Filter Program:
Part
No.
Filter Description
Manufacturer H
Parameter ES-SPEC/ Sample Acceptance Criteria Reference Latest
SDS Size Change
PARA. Parameters Reliability Procedure FMEA Para. DVP& Date/Initials
NO. No. R
Application
Vehicle Line
Tr ission Models
Enos

Facfory Filled Fluid

Ratings — Filter Agsembly (Housing & Element)

(See note 1) * Loaq Capacity — ISO 12103-1A 4

(See note 1) * Loaq Capacity - Metallic Compound

(See note 1) * Terrpinal Pressure Drop

(See note 1) * BetaJRating

(See note 1) * Medja Migration

(See note 2) * Flow — Clean Element— -18C @ .035 kPa dif

(See note 2) * FloW—Clean Element— +100C @ .035 kPa dif

(See note 1) * Puls¢d Flow — min flow

(See note 1) * Pulsgd Flow — max flow

(See note 1) * Puls¢d Flow — Duration at min flow

(See note 1) * Pulsgd Flow — Duration at max flow

(See note 1) * Pulsgd Flow — time constant

(See note 2) * Max{Rated Inlet Temperature

(See note 2) * MaxjInlet Over Temperature

Ratings: Valve (if dquipped)

DrajnBack

Bypfass Valve

*Cracking Pressure

* Max kPa diff @ flow rate

Maj Rated Flow

Environmental/Mojinting/Service

Seryice Interval

Hydraulic Fatigue

* Shell

*Seal - Frettin,

*Seal — Creep

* Crimp

Progf Pressure

Cruph — peripheral
CruEh — Normal

Ili@ Temp Endurance

Notes: 1] Performance test using MH=.5606 or equivalent
2| Performance test withwFactory Fill Fluid

D ifferential Pressure versus Flow
Example

—a—200

Differential Pressure - kPa
»
o
|

8 16 24 32 40
Flow Rate -Lpm

FIGURE 6—FILTER DESIGN/APPLICATION DATA SHEET
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< S _ R

E#E gKSL Ellg PRESSYRE TEMPERATURE ‘
ACTOATOR GAVUGE INDICATOR

| FLOW METER |
| oy |
N> TEMPERATURE
TNDI CATOR
VALVE O
1
Il

L
T T
A,IAJ[ I
[———
TEST FILTER

AUTOMATIC TRANSMISSION FLUID

I RESERYOIR |

COLD ENCLOSURE

FIGURE 7A—EXTREME COLD TEMPERATURE TEST CIRCUIT: SUCTION MODE

PRESSURE TEMPERATURE
GAUGE INDTGATOR

9
e o B T

PRESSURE
| Bh PNELMO-HYDRAUL G |

| PRESSURE ARFLIED |
WALWE
WVALVE

TEST FILTER

AUTOMATIC TRANSMISSION FLUID |

CAL |BRATED ‘
COLLECTIoN
WVESSEL

PRESSURE CHAMEER

COLD GHAMEER

FIGURE 7B—EXTREME COLD TEMPERATURE TEST CIRCUIT: PRESSURE MODE
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RISE

<_TIME_>

DWELL

P max — PERIOD
w
£ \ A
2 \ cycLic
i PRESS
[ 15t TIME
& CONSTANT +$5% ¢
Phast ; —

¢ t, TIME FOR 1 CYCLE >

TIME / PRESS

EACH DWELL PERIOD > 20% OF CYCLE PERIOD.
EACH DWELL PERIODAP < 5% OF CYCLE PRESSURE.
CYCLIC PRESSURE = P max - P base

FIGURE 8A—PULSED FLOW EFFICIENCY TEST: TYPICAL PULSED FLOW PROKILE

RISE AND FALL RATE

QITI fo— PATH NOT CRITICAL
TO RECORD Pl
td
‘I
/
/
;
. !/'
Qnjin — \“\//
t——p

NOTE:
RISE AND FALL PATH MAY BE DEPENDENT
ON THE FLOW METER RESPONSE AND MAY
NOT REPRESENT THE TEST SYSTEM RESPONSE

FIGURE 8B—PULSED FLOW EFFICIENCY TEST: TYPICAL
PULSED FLOW PROFILE RISE AND FALL RATE GUIDANCE

4.5 Equipment for Gravimetric Analysis

(For reference, see ISO 4405)

4.5.1 Filter Analysis Patch (Analytical Membrane Filters), white, plain, 47 mm OD, 0.8-micron and 5-
micron pore sizes.
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4.5.2 Filter Holder, 47mm of borosilicate glass or stainless steel funnel and funnel base, plus clamps
(2), Aspiration Flask, and stainless steel trays, and rubber stoppers.

4.5.3 Analytical Balance accurate to 0.0001 g.

4.5.4 Petri Dishes, 60mm ID

4.5.5 Non-circulatory Air Oven for 100 °C

45.6 Forgeps, flat bladed (3)

4.5.7 Wipgs, lint free

4.5.8 Squjrt Bottles or pressurized spray tank with gun

4.5.9 Waghing and Storage Bottles

4.5.10 Desjccator

4.5.11 Gloyes, particulate free impermeable

4.5.12 Vacpum System capable of achieving 380 mm Hg-vacuum.

4.5.13 Solyent, filtered to 1 micron - petroleum based with flash point at 60 °C or higher fs preferred,
e.g.| Stoddard Solvent P-D-680 Type lIA, .0r*Exxsol,” Exxon Corp., (naphtha D-60).

4.6 Data Acquisition System

The data aqquisition system for filter fests described in this document should be capable df monitoring

and recording all input variables.  This includes but is not limited to signals relating to timg, pressures,

particle counts, temperatures, flow-rates and miscellaneous electrical signals which translate|into specific

parameters [such as liquid level..) The system should be capable of monitoring and recording data from

both normal| system operation”"mode and from calibration or validation mode. Data acquisition should

5. Test

have the caiability of no-ess than 10,000 counts per second for any single channel

rocedures

5.1

FiItra1ion Efficiency

Applicable to Filter Assembly or Media Test fixture.

5.1.1

5.1.1.1

STEADY-STATE MULTI-PASS

Test Preparation

Use a data sheet similar to that illustrated on Figure 4 “Filter Assembly Test Report — Steady State Multi-

Pass Test.”

Complete all pertinent blocks and record all test results on this form.
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